Most of the early breeding work on tobacco (Nicotiana tabacum L.) was directed toward the incorporation of disease resistance, increasing yields, or improving agro~ nomic characteristics. Geneticists and plant breeders have recently turned their attention to the possibility of altering the chemical constituents of the tobacco leaf and smoke by heritable means. This change in emphasis has been largely brought about by the increasingly im~ portant attention that is being given to the health aspects of smoking. The dtemical dtaracters of tobacco smoke may be altered by the manufacturer through blending, changing the filling value, use of filters, dtanging burn rate, and other technolegical methods. However, chemical con~ stituents and smoke characteristics may be modified in~ directly in the tobacco plant itself. Sudt changes can be brought about by different cultural practices, post~ harvest treatments, and by breeding. The development of new cultivars with various levels of chemical constituents may require considerable effort; but the final results, in the long term, are more economical. Limited researdt has been done from time to time on the mode of inheritance of several of the more important chemical constituents in cured leaf. However, the literature on these researdt efforts is not as extensive as reports on studies of total alkaloids (nicotine) and alkaloid quality. The Agricultural Research Service of the U.S. Department of Agriculture maintains a collection of approximately 1500 foreign tobacco introductions, cultivars, and breeding lines, plus a collection of 62 Nicotiana species or close relatives of tobacco. Many of these accessions have been assayed for certain of the more important chemical constituents and considerable variation has been found. A number of genetic techniques can be used to produce cultivars that possess desirable levels of chemical constituents. In this paper, we propose to discuss the potentials and limitations of some of the older and newer approaches to breeding.
Pedigree Method or Simple Mendelian Principles
Simple Mendelian genetic approaches can be represented as a cross between two duomosomally compatible lines, differing in their levels of one or more specific chemical components. Selections, backcrosses, and selfpollinations in succeeding generations are made until a desired phenotype has been obtained in a homozygous true-breeding form. This method has been followed in tobacco breeding for many years and has resulted in cultivars with different levels of nicotine, sugar, and other constituents. The development and release of flue-cured cultivars are subject to the limitations and control of a Minimum Standards Program in the United States. In this program, the permissible upper and lower levels of specific components, such as nicotine, sugar, total nitrogen, alpha-amino nitrogen, and total soluble nitrogen, are established in advance and must be strictly adhered to before approval is obtained for the release of a variety. Th~e levels are maintained by simple selection. Nicotine has probably been studied more than any other constituent in tobacco, and many of the examples used in this presentation will be based on nicotine. However the principles are applicable to other d:temical constituents. At least two systems of genetic control are involved in the quality and level of total alkaloids in the tobacco leaf. A single locus controls the conversion of nicotine to nornicotine (2, 9). Two loci control total alkaloid levels, which may range from a low of around 0.20 through 4.5 percent (8) . Although these two genes determine the base level of total alkaloids in tobacco cultivars, these levels are further modified by minor genes or quantitative factors (10) , all of which are influenced by environment. Breeding lines with varying levels of nicotine have been produced by the pedigree method ( Table 1 ). The isolation of the double-recessive, low-alkaloid lines is not difficult (Table 2 ) because they are recovered as one sixteenth of the progeny from self-pollination and are also influenced less by environment (6). However, it is more difficult to establish lines with intermediate levels of total alkaloids. The principal limitation to the pedigree or Mendelian method is the length of time it takes to fix a breeding line or variety in homozygous form. It has been diffi~ cult to identify intermediate alkaloid types because heterozygosity may persist through the Fs+ generation and because of the influence of environment over alkaloid levels. If these problems apply to alkaloids, then we expect that they apply to other chemical characteristics, particularly when the control of a specific trait is polygenic. Despite its acknowledged limitations, the conventional or pedigree system of breeding will probably remain an important part of any breeding program. 
Haploid/Diploid Method
The production of haploids and their doubling to dihaploids has been done successfully in many laboratories around the world. We now have the ability to produce several thousand haploid plantlets each month. There are obvious advantages of combining the haploid method with conventional methods of breeding. The haploid is a complete hemizygote, and its doubled dihaploid counterpart is, therefore, a complete homozygote. This ability to produce a homozygous true-breeding line in a single generation offers one of the positive advantages of the haploid-diploid method.
We have used this method to produce tobacco lines with varying nicotine levels ( Table 3 ). In spite of the morphological uniformity of the plants, we encounter considerable plant-to-plant variation for alkaloid content which is environmental. Thus a principal advantage of the haploid/diploid method over the pedigree method is our ability to rapidly establish or fix lines that breed true for different levels of chemical constituents. Entire rows of plants can be sampled, thereby eliminating single plant selections and the identification of heterozygotes in conventional segregating populations. Our investigations and those of others have pointed up certain limitations to this method. One of these is the lower level of vigor of at least half of the dihaploids obtained from different anther sources. This has been true of dihaploids derived from Ss and S15++ single plant-to-plant varietal inbreds (1, 3) . Dihaploids from a hybrid anther-source have shown less vigor than the hybrid parent with the lower vigor. Increasing the number of dihaploids in a population has also produced progenies that are equal or superior to the anther source. We suspect that haploids are subject to a higher level of mutation than comparable diploids. This may represent a disadvantage from the standpoint of genetic interpretations, but it could offer advantages to the breeder by providing a greater source of variability. We are encouraged by the report from the Iwata Station of their development of the improved breeding line F-211 (12).
+ F 5 indicates 4th generation of selling after initial hybridization. ++ S indicates number of selfing generations afl:er the initial cross.
We believe that the ability to rapidly produce homozygous plants makes this method an increasingl}t> im-. portant part of the plant breeders procedures. We also believe that this method will be extremely useful in breeding for varying levels of chemical constituents. (15, 7) . However, before a program of interspecific hybridization is considered, it will be necessary to carefully assay the Nicotiana species for all their chemical constituents and also assay their hybrids with N. tabacum for any interactions that may influence the level and quality of these constituents. Such assays would have to be made at all stages of hybridization and trait incorporation. An example is seen in N. glauca Grah., which produces anabasine; when it is hybridized with N. tabacum, the principal alkaloid is nornicotine (15) . A current project at our laboratory concerns the transfer of the alkaloid mechanism from N. rustica into the genome of low-nicotine tobacco. A tetraploid tobacco low in alkaloid (less than 0.20 total alkaloid) was used in the initial cross with N. rustica to produce a sesquidiploid. Two additional backcrosses were made to the low alkaloid diploid which was followed by five selfpollinations. Selection among the progeny of this material has produced several lines with at least four different levels of alkaloids, with the principal alkaloid inheritance mechanism derived from N. rustica. Inheritance studies on the alkaloid genes from N. rustica and chemical studies have yet to be made. This interspecific transfer took six years to complete. Similar transfer of other genetic traits from the Nicotiana species have taken considerably longer. Scientists concerned with interspecific hybridization are well aware of the problems inherent in this methodthe many generations involved, cytological and genetic verification of transfer, sterilities and adverse linkages. plus the inadvertent transfer of undesirable genetic material from the foreign species. Although drastic changes in chemical constituents may be brought about by interspecific hybridization, we doubt that it will be an easy method for changing levels of a specific constituent. One should have the presence-absence type of genetic situation to effect a transfer of foreign germplasm. Also, the characteristic that one seeks to establish in the N. tabacum genome must be dominant and simply inherited. However, the use of interspecific hybridization may be considered in special situations. 
Parasexual Hybridization
Fusion of diploid protoplasts from N. tabacum and a species relative may make it possible in the future to produce allopolyploids that have heretofore not been produced by conventional methods of pollination (4, 11) . It may also be possible to fuse protoplasts from species of different genera. However, the success of parasexual hybridization finally depends on the absolute identification of the desired fusions and the ability of the resulting callus to regenerate shoots that are capable of developing into essentially normal plants. Basic genetic research is certainly to benefit from parasexual hybridization, but the practical benefits for the commercial improvement of tobacco are currently in the realm of speculation. 
